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PHASE SYNCHRONOTTS MULTTPT.F JT TANK OSCn J ATOR 

Cross reference to related applicafinns 

This application is related to co-pending U.S. Patent Application No. 
(Attorney Docket No. BERKP002) entitled VOLTAGE CONTROLLED 



OSCILLATOR filed concurrently herewith, which is incorporated herein by reference for 
all purposes. 

Field of the Invention 

The present invention relates generally to voltage controlled oscillators. A phase 
41 synchronous multiple LC tank oscillator is disclosed. 

m. 
m 

^ 10 Background Of The Tnventinn 

M. LC tank oscillators have been used for communication systems, particularly for 

high firequency LO (local oscillator) signal generation for microwave or radio fi-equency 
^paratus. An LC tank circuit includes inductors and capacitors arranged to oscillate by 
exchanging current or voltage between inductors and capacitors with a finite fi-equency. 
1 5 Since small resistance in the inductors and capacitors tends to dissipate the energy in the 
oscillator, the LC tank loses energy and eventually stops oscillating. A negative 
resistance usually generated by active devices included in the oscillator compensates for 
energy dissipation caused by resistance and sustains the oscillation. However, even 
though the resistance is compensated in this manner by the active devices, the resistance 
20 still degrades the oscillation quality by affecting the oscillation amplitude, phase noise 
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and oscillation purity (i.e. whether the oscillation has a pure sine wave shape). One 
measure of quaUty of oscillation is called the "Quality Factor." The Quality Factor i 
defined as the ratio of the energy stored in the LC tank to the energy dissipated in the 
resistor per oscillation cycle. 
5 Thus, it is desirable that inductors used in an LC tank oscillator have minimum 

resistance. Unfortunately, on chip inductors generally have high resistance. Low quality 
oscillation generally results due to the substrate resistance and Ohmic resistance of the 
metal used in on chip inductors. Therefore, the phase noise performance of oscillators 
^ using on-chip inductors is poor and generally not suitable for high quality wireless 

g 10 devices such as cellular phones or satellite communication equipment. 
J What is needed is an oscillator design that will enable on chip inductors to be 

used for such high quality wireless devices. 
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Attorney Docket No. BEKAPOO? 



2 



Patent 



i 



Summary Of The Invention 

A phase synchronous multiple LC tank oscillator is disclosed. The phase 
synchronous multiple LC tank oscillator includes at least two oscillators that are 
configured to oscillate synchronously. In one embodiment, the phase synchronous 
multiple LC tank oscillator includes a set of four oscillators that are configured to 
oscillate synchronously. As a result of the synchronous oscillation, the magnetic flux in 
corresponding inductors that are components of the synchronous oscillators is aligned. 
As a result, the corresponding inductors may be physically configured so that they are 
mutually inductive. 



0 1 0 It should be appreciated that the present invention can be implemented in 

in numerous ways, including as a process, an apparatus, a system, a device, a method, or a 



computer readable medium such as a computer readable storage medium or a computer 
network wherein program instructions are sent over optical or electronic communication 
links. Several inventive embodiments of the present invention are described below. 
1 5 In one embodiment, a phase synchronous multiple LC tank oscillator includes a 

plurality of oscillator stages configured to oscillate synchronously. The phase of each of 
the pluraUty of oscillator stages is substantially the same. 

These and other features and advantages of the present invention will be 
presented in more detail in the following detailed description and the accompanying 
20 figures which illustrate by way of example the principles of the invention. 
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Brief Description Of The Drawings 

The present invention will be readily understood by the following detailed 
description in conjunction with the accompanying drawings, wherein like reference 
numerals designate like structural elements, and in which: 
5 Figure 1 is a block diagram illustrating an architecture used in one embodiment 

wherein synchronizing phase is achieved by outputting signals from each oscillator stage 
into adjacent oscillator stages. 

Figure 2 is a block diagram illustrating an architecture used in one embodiment 
where synchronizing phase is achieved by outputting signals from each oscillator stage 
10 into both adjacent and nonadjacent oscillator stages. 
W Figure 3 is a block diagram illustrating an architecture used in one embodiment 

M where synchronizing phase is achieved by having each oscillator stage receive an input 
from every other oscillator stage. 

Figure 4A is a block diagram illustrating an LC tank oscillator used in one 
15 embodiment. 

Figure 4B is a block diagram illustrating an alternative LC tank oscillator used in 
an embodiment where the oscillator stages each include four inputs. 

Figure 5 is a diagram illustrating how corresponding inductors from different 
oscillator stages are physically configured in one embodiment to increase their mutual 
20 inductance by adding their fluxes. 
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Detailed Descriptinn 

A detailed description of a preferred embodiment of the invention is provided 
below. While the invention is described in conjunction with that preferred embodiment, 
it should be understood that the invention is not limited to any one embodiment. On the 
5 contrary, the scope of the invention is limited only by the appended claims and the 
invention encompasses numerous alternatives, modifications and equivalents. For the 
purpose of example, numerous specific details are set forth in the following description in 
order to provide a thorough understanding of the present invention. The present 
g invention may be practiced according to the claims without some or all of these specific 
g 10 details. For the purpose of clarity, technical material that is known in the technical fields 

St? 

y related to the invention has not been described in detail so that the present invention is 
N' not unnecessarily obscured. 

2 An oscillator architecture is disclosed that generates a high quality oscillation 

J signal output using on chip inductors or other low quality inductors. The phase noise 
^ 15 performance of the resulting oscillator is improved so that it can meet the high 

performance requirements for a wireless device. A plurality of synchronous low quality 
oscillators form a high quality oscillator by synchronizing the oscillation phase with other 
peer oscillators. Because the oscillations are synchronized, the magnetic flux may be 
shared among corresponding inductors used in the different oscillators without increasing 
20 resistance of the individual inductors. 

Phase-synchronous signal addition of multiple oscillator outputs improves phase 
noise performance because the output signal power increases by 6dB per each additional 
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oscillator output in phase while the noise power increases by 3dB per each additional 
oscillator output. Thus, the disclosed multiple oscillator architecture effectively achieves 
high purity oscillation even though the individual oscillators are relatively low quality. 
Figure 1 is a block diagram illustrating an architecture used in one embodiment 
5 wherein synchronizing phase is achieved by outputting signals from each oscillator stage 
into adjacent oscillator stages. The architecture includes four oscillator stages 102, 104, 
106 and 108. Each oscillator includes two inputs and two outputs. Each oscillator stage 
outputs its own output signal to two adjacent oscillator stages and also receives inputs 
from the two adjacent oscillator stages. For example, oscillator 104 includes a first 
g 10 output that is connected to an input of adjacent oscillator 102 and a second output that is 

^ connected to an input of its other adjacent oscillator 106. In addition, oscillator 104 

Ifj 

l^ mcludes a first input that is connected to an output of adjacent oscillator 102 and a second 
^ mput that is connected to an output of its other adjacent oscillator 106. As a result, all of 

the oscillators oscillate synchronously. 
^ 1 5 Figure 2 is a block diagram illustrating an architecture used in one embodiment 

H where synchronizing phase is achieved by outputting signals from each oscillator stage 
into both adjacent and nonadjacent oscillator stages. The architecture includes four 
oscillator stages 202, 204, 206 and 208. Each oscillator includes two inputs and two 
outputs. Each oscillator stage outputs its own output signal to one adjacent oscillator 
20 stage and one nonadjacent oscillator stage. For example, oscillator 204 includes a first 
output that is fed back to an input of oscillator 202 and a second output that is fed 
forward, skipping a stage, to an input oscillator 206. In addition, oscillator 204 includes a 
first input that is connected to an output of nonadjacent oscillator 208 and a second input 
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that is connected to an output of adjacent oscillator 206. As a result, all of the oscillators 
oscillate synchronously. 

Figure 3 is a block diagram illustrating an architecture used in one embodiment 
where synchronizing phase is achieved by having each oscillator stage receive an input 
5 fix)m every other oscillator stage. The architecture includes four oscillator stages 302, 
304, 306 and 308. Each oscillator includes four inputs and two outputs that are each 
split. Each oscillator stage outputs its own output signal every other oscillator stage with 
one of the other oscillator stages receivmg the output twice. For example, oscillator stage 
304 includes a first output that is fed to an input of oscillator stage 302 and an input of 
S 10 oscillator stage 308. Oscillator stage 304 also includes a second output that is fed to two 
^ inputs of oscillator stage 306. As a result, all of the oscillators oscillate synchronously. 

Figure 4A is a block diagram illustrating an LC tank oscillator used in one 
embodiment. LC tank oscillator stage 400 includes a first inductor 402 and a second 
mductor 412. In the architectures described above, four substantially identical oscillators 
1 5 are configured according to the various illustrated schemes. Each oscillator stage 

includes its own two inductors, one corresponding to inductor 402 and one corresponding 
to inductor 412. In other embodiments, other LC tank configurations are used. 

Figure 4B is a block diagram illustrating an alternative LC tank oscillator used in 
an embodiment where the oscillator stages each include four inputs. LC tank oscillator 
20 stage 450 includes a first inductor 452 and a second inductor 462. Substantially identical 
oscillator stages are configured according to a selected multiple oscillator stage structure. 
Each oscillator stage includes its own two inductors, one corresponding to inductor 452 
and one corresponding to inductor 462. 
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As mentioned above, in most conventional inductors, increasing inductance 
increases the resistance of the inductor because the length of the coiled wire that 
comprises the inductor is increased. The increased length metal wire has higher 
resistance and the quality of the oscillation is not improved. If a phase synchronous 
5 multiple tank oscillator architecture is used, then the magnetic flux is generated in the 
same direction among corresponding inductors in the participating oscillators. If the 
corresponding inductors are physically arranged so that their fluxes are added, then the 
mutual inductance among the inductors may have die effect of increasing the effective 
inductance of each individual inductor without increasing the resistance of the inductor 
g 10 As a resuh, the quality of the oscillation generated from the phase synchronous multiple 
I LC tank oscillator may be improved. In addition, if the inductors from the oscillators are 

in 

1^. overlapped or arranged concentrically, space on the surface of the chip may be saved. 



J Figure 5 is a diagram illustrating how corresponding inductors from different 

kfc oscillator stages are physically configured in one embodiment to increase their mutual 
I 15 inductance by adding their fluxes. As explained above, each of the oscillator stages 



20 



oscillate synchronously and so the corresponding fluxes are generated in the same 
direction. Inductors 402, 404, 406, and 408 include coils each having one or more loops. 
The coils are physically arranged concentrically about a common center, which causes 
the fluxes to add. 

Although the foregoing invention has been described in some detail for purposes 
of clarity of understanding, it will be apparent that certain changes and modifications may 
be practiced within the scope of the appended claims. It should be noted that there are 
many alternative ways of implementing both the process and apparatus of the present 
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invention. Accordingly, the present embodiments are to be considered as illustrative and 
not restrictive, and the invention is not to be limited to the details given herein, but may 
be modified within the scope and equivalents of the appended claims. For example, 
several embodiments of a phase synchronous multiple LC tank oscillator have been 
5 described wherein four oscillator stages are included. In other embodiments, a different 
number of synchronous oscillator stages are used. Also, various ways of connecting the 
oscillators are described that cause the oscillators to oscillate in a synchronous manner. 
In different embodiments, the oscillators may be connected in a different manner to 
oscillate synchronously. Furthermore, oscillators having two inputs have been shown in 

W 1 0 the examples given. In other embodiments, oscillators havmg more than two inputs are 

M used. 

S WHAT IS CLAIMED IS: 
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